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accurate annotation of the role of gene products, such as cytokines, that 

regulate particular processes, such as isotype-switching, but do not partici-

pate directly in the molecular mechanics of the processes. Additional 

rounds of review of the new terms occurred using the Gene Ontology spe-

cific pages of the SourceForge system (www.sourceforge.org), which al-

lowed for community discussion and download of the finalized revision. In 

September 2006 the revised terms were incorporated into the official GO 

and became available for all users of the Gene Ontology.  
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We have implemented a major revision to the GO biological proc-

ess ontology to improve the representation of immunological proc-

esses. The revision includes 726 new GO biological process terms 

covering immunological processes in animals and plants, as well as 

the incorporation of large scale rearrangements and revisions of 

existing terms that rationalize term hierarchies and match term 

usage with current community usage for describing immunological 

processes. The revision also includes changes to GO biological 

process terms covering ‘response to’ and ‘detection’ of various 

organisms by other organisms. These terms are often used in anno-

tation in conjunction with GO terms related to immunology. 

A new high level term in the biological process ontology, “im-

mune system process,” has been created to group all processes 

directly related to the functioning of the immune system, including 

developmental and tolerance processes in addition to the activation 

and effector mechanisms of the immune system. Terms covering 

antigen sampling, processing, and presentation, which operate 

continuously, also fall under this high-level term, as well as basic 

terms such as “leukocyte migration” and “leukocyte homeostasis,” 

which cover processes that occur both apart from and as part of 

immune responses. 

The term “immune response,” which previously existed in the 

GO, is now a child of the “immune system process” term. Children 

of the “immune response” term include the basic processes of “in-

nate immune response,” “adaptive immune response,” and “hu-

moral immune response,” as well as a grouping term for organ or 

tissue specific immune responses such as those in the mucosa. 

Because the GO allows for multiple inheritance, many subterms 

are children of more than one of these terms covering basic types 

of immune response. An example is the GO term “humoral im-

mune response mediated by circulating immunoglobulin,” which 

has is_a relationships to both “humoral immune response,” as a 

direct child, and “adaptive immune response,” via several interme-

diate terms. Such dual parentage accurately reflects how these 

processes are alternatively regarded by working immunologists. 

Activation of the immune response, in particular cell surface-

linked signaling pathways involved in leukocyte activation is cov-

ered by a new hierarchy of terms. Similarly, terms for immune 

effector mechanisms have been collected under the “immune effec-

tor process” parent term. These terms cover both common mecha-

nisms employed in the execution of an immune response, such as 

degranulation, as well as cell-type specific mechanisms, such im-

munoglobulin production, which is specific for B lymphocytes. 

The new structure contains a greatly expanded number of terms 

covering subprocesses of the innate immune response, including 

processes for activation mechanisms such as TLR signaling path-

ways, which were not previously covered in the GO. Also, existing 

GO terms that refer to plant innate immune processes have been 

collected under the general “innate immune response” hierarchy, 

reflecting current theory in the plant field (Nurnberger et al., 

2004). Similarly, existing GO terms that refer to specific inverte-

brate innate immune process are now collected here as well. 

Expanded hierarchies cover developmental processes of the im-

mune system including a greatly increased number of terms de-

scribing B and T cell differentiation. Tolerance induction, both 

central and peripheral, is now fully represented. In addition, many 

terms have been added to cover somatic diversification of immune 

receptors processes, both for immunoglobulins and for the differ-

ent systems of immune receptors found in lampreys and inverte-

brates (Pancer, 2006). 

Terms were also added to the “inflammatory response” subtree 

that more fully describe both processes that occur during acute and 

chronic inflammatory responses, and processes that differentiate 

between an inflammatory response initiated by antigen vs. one 

initiated by a non-antigenic stimulus. 

The revised structure will, importantly, allow addition of new 

terms in a consistent fashion. For example, new terms related to 

surface signal transduction for immune receptors or terms related 

to T cell mediated immunity or cytokine production have an obvi-

ous placement in the revised ontology. Also, further refinement of 

regulation terms is currently underway as part of a larger ontologi-

cal analysis and restructuring of the GO in all areas. 

The revisions provide many benefits for annotators who use the 

GO for annotation of gene products in that many new terms are 

available and all the terms related to immunology are now named 

and organized in a more logical fashion that parallels usage in the 

immunological literature. As the new terms are increasingly used 

for annotation, interpretive analysis of high-throughput experi-

ments (e.g. gene expression microarrays) in the area of immunol-

ogy will be improved as more granular annotation will be available 

for many gene products. Furthermore, these improvements to the 

relational hierarchy for immunology-related GO terms should also 

improve the performance of data mining algorithms. 
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